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ABSTRACT 

A  study  was  made  of  the  effects  of  adrenalectomy 
and  hypophysectomy  on  zinc  concentration  and  zinc65  incorpora¬ 
tion  in  a  number  of  tissues  of  the  male  rat.  The  tissues 
studied  were  the  whole  blood,  liver,  adrenals,  testis, 
dorsolateral  and  ventral  prostate. 

The  effects  of  the  administration  of  adrenocortico- 
trophic  hormone  and  cortisone  were  also  observed. 

Adrenalectomy  caused  significant  decreases  in  the 
zinc  concentration  of  blood  and  dorsolateral  prostate  with 
a  return  to  normal  following  chronic  treatment  with  cortisone. 

Cortisone  caused  increased  levels  of  Zn^  in 
adrenalectomized  animals  in  all  tissues  except  the  testis, 
following  chronic  administration  of  the  hormone. 

Hypophysectomy  caused  the  zinc  concentration  to  be 
decreased  in  dorsolateral  prostate  with  a  corresponding  decrease 
in  Zn65  incorporation. 

Chronic  treatment  of  hypophysectomized  animals  with 
ACTH  resulted  in  a  lowering  of  zinc  concentration  in  all 
tissues  but  increased  the  Zn65  incorporation  in  dorsolateral 
and  ventral  prostate. 
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In  normal  animals  treated  with  cortisone  daily  the 
adrenal  glands  showed  a  marked  increase  in  the  zinc  concentra¬ 
tion  and  Zn^5  incorporation.  In  normal  animals  treated  with 
ACTH  daily  there  was  a  decrease  in  the  zinc  concentration  but 
an  increased  relative  specific  activity.  Hypophysectomy 
resulted  in  an  initial  decrease  (at  5  days)  in  zinc  concentra¬ 
tion  but  an  increase  after  19  days  with  a  significant  decrease 
in  the  relative  specific  activity.  It  Is  postulated  that 
zinc  is  in  some  way  associated  with  corticosteroid  formation. 

Since  adrenalectomy  produced  a  decrease  in  the 
zinc  concentration  of  the  dorsolateral  prostate  which  was 
essentially  the  same  as  that  produced  by  hypophysectomy  and 
treatment  with  cortisone  in  chronic  dosage  caused  a  return  to 
normal, (with  a  concomitant  increase  in  relative  specific  acti¬ 
vity,  it  is  postulated  that  the  adrenal  gland  Is  associated 
with  zinc  metabolism  of  this  tissue. 
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1.  INTRODUCTION 

Studies  on  the  metabolic  importance  of  trace  elements 
have  become  of  increasing  interest.  Zinc  is  classed  as  a 
trace  element  and  has  been  found  to  be  present  in  many  tissues, 
in  different  species  of  animals,  and  in  different  concentra¬ 
tions  in  different  tissues  (1). 

The  significance  of  the  presence  of  zinc  has  not  yet 
been  completely  established.  It  is  apparent  that  certain 
enzymes  (2-6)  require  zinc,  but  in  some  tissues  such  as  the 
dorsolateral  prostate  the  amount  of  zinc  present  cannot  be 
accounted  for  solely  by  the  enzymes. 

Progress  in  the  field  of  trace  element  studies  has 
been  slow  because  of  limited  physical  and  chemical  techniques 
which  could  be  applied  to  the  estimation  of  minute  quantities 
and  because  of  the  dynamic  nature  of  the  elements  being  studied. 

The  more  recent  application  of  radio-isotopes  in 
this  field  has  permitted  much  more  extensive  studies  of  the 
changes  occurring  in  these  elements* 

Studies  on  the  distribution  of  zinc  in  animal 
tissues  by  Mawson  and  Fischer  (7)  in  1951  showed  that  the 
dorsolateral  prostate  gland  contained  a  greater  amount  ©f  zinc 
than  any  other  organ  in  the  rat,  rabbit,  and  man.  Mawson, 
Fischer,  and  Riedel  in  1955  demonstrated  the  concentration  of 
zinc  (Zn65)  in  the  dorsolateral  prostate  gland  of  the  rat 
after  the  intravenous  administration  of  the  isotope  (S). 

This  was  also  demonstrated  by  Gunn,  Gould,  Ginori  and  Morse 


:  if 


n  ■■  - 


"  '  f  VS&  ^  ' 


: ) 


' 


-  2  - 

(9)  in  1955.  They  found  that  the  dorsolateral  prostate 
of  the  rat  concentrated  Zn^5  from  15  to  25  times  more  than 
any  other  organ. 

Studies  with  radioactive  zinc  by  Gunn  and  Gould 

(10)  have  shown  the  relative  importance  of  androgen  and 
estrogen  in  the  selective  uptake  of  Zn^  by  the  dorsolateral 
prostate  of  the  rat. 

Millar*  Elcoate  and  Mawson  (11)  found  that  gona¬ 
dotrophins  and  testosterone  propionate,  administered  by  sub¬ 
cutaneous  injection  into  immature  rats,  produced  marked 
increases  in  the  size,  zinc  concentration,  and  rate  of  zinc 
uptake  by  the  dorsolateral  prostate  gland. 

Gunn  and  Gould  (12)  also  found  that  the  efficiency 
of  the  dorsolateral  prostate  of  the  rat  to  concentrate  Zn^5 
was  markedly  depressed  following  hypophysectomy  but  this 
glandular  function  can  be  maintained  in  the  absence  of  the 
pituitary  by  administration  of  suitable  doses  of  chorionic 
gonadotrophin  or  testosterone. 

In  the  work  presented  here  a  study  has  been  made 
of  the  relationship  of  the  adrenal  gland  and  the  pituitary 
to  the  distribution  of  radioactive  zinc  in  certain  tissues 
of  the  rat.  Normal  animals  have  been  compared  with  adrenal- 
ectomized  and  hypophysectomized  animals.  The  effects  of 
adrenocorticotrophic  hormone  and  cortisone  have  been  observed 
in  these  groups  of  animals. 
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It  is  postulated  that  the  adrenal  gland  is  associated 
with  the  control  of  zinc  metabolism  in  the  tissues  studied. 

It  has  previously  been  shown  that  the  gonadotrophins  have  a 
marked  effect  on  zinc  metabolism  in  the  dorsolateral  prostate. 
The  work  reported  here,  however,  has  shown  that  in  the 
presence  of  the  pituitary  gland,  changes  in  adrenal  activity 
also  result  in  certain  changes  in  the  dorsolateral  zinc  picture. 
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2.  LITERATURE  SURVEY 
A.  Zinc  in  Nutrition. 

Zinc  is  a  constituent  of  most  foods  and  is  necessary 
for  normal  growth  and  development  of  both  plants  and  animals  (13). 
Rats  fed  on  a  diet  low  in  zinc  soon  exhibit  a  characteristic 
deficiency  syndrome  (14).  Growth  is  retarded,  nutrition  is 
impaired,  alopecia  develops  and  death  may  occur  within  four 
weeks  (15-22).  Hyperkeratinization  of  the  skin  and  extreme 
parakeratosis  of  the  oesophagus  are  the  only  outstanding 
pathological  changes  (23-24). 

The  enzymatic  activity  of  the  tissue  of  zinc  defi¬ 
cient  rats  is  significantly  reduced.  The  enzymes  affected 
are  intestinal  and  blood  phosphatases,  carbonic  anhydrase, 
and  hepatic  and  renal  catalases  (15-1$, 25). 

Ingestion  of  large  amounts  of  zinc  on  the  other  hand 
leads  to  microcytic  and  hypochromic  anaemia,  hyperglycemia, 
subnormal  growth,  reproductive  failure  and  liver  atrophy  in 
young  rats  (26-31).  Fibrotic  changes  occur  in  the  pancreas 
after  large  doses  (32). 

Wachtel,  Hove,  Elvehjem,  and  Hart  (33)  found  that 
the  uric  acid  content  of  zinc  deficient  rat’s  blood  was 
doubled  on  all  diets  tested.  Carbohydrate,  fat,  protein, 
or  nucleoprotein  content  of  the  diet  do  not  influence  the 
course  of  zinc  deficiency.  Sadasivan  (25,30)  observed  an 
increase  in  urinary  and  faecal  nitrogen  excretion  as  well  as 
an  increased  faecal  excretion  of  phosphorus  and  sulfur  in 
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animals  on  a  diet  supplemented  with  zinc.  The  urinary 
excretion  of  phosphorus  and  sulfur  decreased,  however. 

Urinary  excretion  of  uric  acid  and  creatinine  also  increased. 

No  change  in  the  faecal  excretion  of  fat  was  observed. 

Zinc  is  indispensible  in  mouse  and  rat  physiology, 
and  several  human  pathological  states  are  accompanied  by  or 
may  be  related  in  some  way  to  zinc  deficiency  (35). 

B.  Excretion  and  Absorption. 

In  1927,  Drinker,  Fehnel  and  Marsh  (36)  reported  on 
the  zinc  content  of  normal  human  urine  and  faeces.  They 
indicated  that  one  mg.  of  zinc  was  excreted  in  24  hours  in 
the  urine  and  about  tan  mg.  in  the  faeces  over  a  similar 
period.  There  was  a  rise  in  faecal  excretion  when  zinc 
rich  foods  were  consumed.  McCance  and  Widdowson  (37)  state 
that  the  normal  intake  is  10  to  15  mg.  per  day.  Only  about 
0.3  mg.  per  day  was  excreted  in  the  urine.  The  amount  of  the 
urinary  output  appears  to  be  independent  of  intake.  In 
albuminuria  the  urinary  zinc  rose  to  2.1  mg.  per  day.  This 
loss  was  not  compensated  for  by  diminished  faecal  excretion. 

In  1954,  Tribble  and  Scoular  (3$)  studying  zinc 
metabolism  in  young  college  women  receiving  a  diet  containing 
9*#  to  14.4  mg. of  zinc  daily  found  that  $  per  cent  was  excreted 
in  the  urine  and  42  per  cent  in  the  faeces  per  day. 

Using  Zn6?  as  an  indicator  Sheline  et  al  (39)  found 
that  in  mice  50  per  cent  of  the  injected  dose  appeared  in 
the  faeces  in  170  hours  while  only  2  per  cent  appeared  in  the 
urine.  In  dogs  25  per  cent  of  the  dose  appeared  in  the 
faeces  after  12  to  14  days  and  1.2  to  4*7  per  cent  In  the  urine. 
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Large  portions  of  the  injected  Zn^5  was  eliminated 
by  external  secretion  of  the  pancreas  (40-41).  At  the  same 
time  very  little  appeared  in  the  bile  or  duodenal  juices. 
Feaster,  Hansard,  McCall  and  Davis  (52)  found  the  absorption 
from  the  gastrointestinal  tract  poor  (only  7.9  per  cent). 

There  was  free  movement  across  placenta  to  the  fetus  at  all 
stages  of  gestation. 

C.  Tissue  Zinc  Amounts. 

Investigators  have  attempted  to  determine  the  quan¬ 
tities  of  zinc  in  various  invertebrates  including  man  as  a 
possible  clue  to  its  function^?,  43-70).  It  is  difficult 
however,  to  compare  the  results  of  earlier  workers  to  those 
of  recent  times  because  of  the  diversity  of  methods  and  the 
variation  in  units  used  to  express  concentration. 

Choosing  those  data  which  refer  to  wet  weight,  it 
is  apparent  that  zinc  is  present  in  all  human  and  other  ver¬ 
tebrate  organs  in  quantities  from  10  to  200  micro grams  per 
gram.  Most  organs  including  the  pancreas  contain  from  20 
to  30  micrograms  per  gram.  Liver,  muscle,  and  bone  contain 
about  double  this  amount  and  lymph  nodes  and  endocrine  glands 
contain  from  60  to  1$0  micrograms  (35).  Until  1951,  however, 
none  of  the  investigators  considered  the  genital  organs. 

Mawson  and  Fischer  (7)  found  that  the  dorsolateral  prostate 
of  rat  contained  more  zinc  than  any  other  tissue  except  bone. 
This  observation  has  been  substantiated  by  the  findings  of 

Gunn  et  al  (9)  who  found  that  the  dorsolateral  prostate  con¬ 
centrates  more  Zn^5  than  any  other  organ. 
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Gunn  and  Gould  (71)  have  also  differentiated  between 
the  dorsal  and  lateral  components  of  the  dorsolateral  prostate. 
It  is  interesting  to  note  that  the  ventral  prostate  contains 
very  little  zinc  (7). 

Many  workers  have  determined  the  zinc  content  of 
human  and  other  vertebrate  blood,  but  the  results  when  com¬ 
pared  are  confusing  because  of  the  different  methods  used  and 
the  different  units  chosen,  (46,  54,55,62,64-69,  72), 

There  is  no  variation  in  zinc  levels  with  age  or  sex. 
Three  quarters  of  the  blood  zinc  was  found  in  erythrocytes, 

22  per  cent  in  plasma  and  3  per  cent  in  leukocytes. 

It  has  been  found  by  Keilin  and  Mann  (2)  that  all 
the  zinc  in  the  red  blood  cells  is  associated  with  the  car¬ 
bonic  anhydrase  molecule. 

Though  only  3  per  cent  of  the  total  blood  zinc  is 
contained  in  leukocytes,  cell  for  cell  they  contain  twenty- 
five  times  as  much  zinc  as  do  erythrocytes.  The  absence  of 
uniform  distribution  in  the  various  components  of  blood  suggests 
that  zinc  has  a  physiological  role  in  blood. 

The  discovery  of  zinc  in  relatively  large  amounts 
in  leukocytes  is  surprising  but  the  role  of  zinc  in  leukocytes 
is  completely  unknown  and  there  are  no  clues  as  to  its  possible 
function  (55,64,65)-*  Attempts  at  radioactive  tagging  in  order 
to  study  leukocytic  life  span  have  been  inconclusive  (73,74)* 

The  nature  of  the  bond  between  plasma  proteins  and 
zinc  is  not  understood  completely  at  present  (54,62,69), 

Wolff  (69)  has  determined  that  20  to  30  per  cent  of  zinc  in 
the  blood  is  combined  with  albumin,  and  20  to  30  per  cent  with 
and  ^  globulin. 
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Mann  (76)  has  investigated  the  iron,  zinc  and  copper 
content  of  ram  semen.  Zinc  occurred  in  a  higher  concentration 
than  the  other  two  elements,  Mawson  and  Fischer  (57)  stated 
that  the  highest  concentration  is  found  in  the  first  fraction 
of  ejaculate  which  is  mainly  composed  of  prostatic  secretion, 

D.  Zinc  in  Pathological  Conditions, 

1,  Cancer 

Interest  in  the  relation  of  zinc  to  cancer  developed 
as  a  result  of  the  reports  concerning  the  occurrence  of  zinc 
in  many  human  and  vertebrate  organs  and  that  certain  tumours 
were  particularly  rich  in  zinc  (46,  76).  Because  of  the  unreliable 
techniques  used  this  work  is  of  value  only  insofar  as  it  may 
have  stimulated  interest  in  the  field. 

The  experimental  production  of  teratomata  in  the 
cock’s  testis  by  injection  of  zinc  chloride  or  zinc  sulfate 
has  been  reported  (77-SO),  Periods  of  high  normal  or 
induced  sexual  activity  seemed  necessary  for  the  effectiveness 
of  these  injections  (7$), 

This  work  prompted  Bischoff  to  investigate  the 
possible  carcinogenic  role  of  zinc  ($1).  He  found  that  zinc 
injections  into  the  breast  of  a  mouse  bearing  inbred  adenocar- 
cimomata.  of  the  breast,  actually  inhibited  the  development  of 
carcinoma  as  compared  with  injections  of  normal  saline  Into 
controls.  Sugai  (£2,  S3)  reported  that  malignant  tissues  have 
a  very  high  zinc  and  very  low  copper  content.  Recent  work 
by  Mawson  and  Fischer  (5$)  do  not  confirm  these  findings. 

Addink  ($4)  found  that  patients  with  malignant  tumours 
had  a  higher  serum  zinc  content  then  normal.  Vikbladh  (67,  6$) 
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however,  has  found  that  patients  with  leukemia  have  a  signi¬ 
ficantly  decreased  zinc  content  in  serum*  The  same  was  true 
in  the  case  of  patients  with  malignant  tumours. 

Vallee  and  Altschule  (35)  have  reported  that  the  zinc 
content  of  leukemic  leukocytes  was  depressed  to  a  tenth  of  the 
normal  value.  Under  successful  therapy  with  x-ray  and  urethane 
the  zinc  content  of  leukocytes  rose  to  normal  levels  as  the 
leukocyte  count  fell.  Injection  of  stable  zinc  compounds 
failed  to  influence  the  progress  of  the  disease  or  raise  the 
zinc  level  of  the  leukemic  cells. 

Several  workers  have  studied  the  zinc  content  in 
epidermal  carcinoma  and  have  reported  the  zinc  content  to  be 
greatly  reduced  from  normal  (#5,37) ♦ 

Using  as  an  indicator  investigators  have  found 

a  higher  concentration  in  tumour  tissue  than  in  normal  tissue 
(45,33,89).  is,  however,  unlikely  that  Z n^5  could  be 

used  in  tumour  therapy  since  other  tissues  involved  would 
receive  too  high  a  dosage  of  Zn^a 
2.  Other  Pathological  Conditions 

Scott  and  Fisher  (50,60,90,91)  evoked  much  contro¬ 
versy  by  their  report  on  the  zinc  and  insulin  content  of 
normal  and  diabetic  pancreas.  They  reported  values  of  0.14  nig. 
of  zinc  per  gram  of  tissue  for  normal  pancreas  and  0.0?  mg.  of 
zinc  per  gram  of  tissue  for  diabetic  pancreas. 

Eisenbrand  and  Sienz  (92)  found  values  of  only  30*6 
micrograms  per  gram  of  fat-free  tissue  for  normal  and  25.3  micro¬ 
grams  per  gram  fat-free  tissue  for  diabetic  pancreas.  These 
values  are  compatible  with  those  of  other  investigators. 
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Vikbladh  (68)  could  not  find  any  disturbance  in 
zinc  serum  content  in  patients  with  diabetes  mellitus. 

In  pernicious  anemia  the  zinc  content  of  erythro¬ 
cytes  was  found  to  be  significantly  elevated  before  therapy 
with  liver  was  instituted  (66,93,94).  After  the  institution 
of  therapy  there  was  a  continuous  fall  of  the  zinc  content  to 
normal  levels  after  60  to  70  days.  Vallee  (93)  reported  that 
the  zinc  content  in  anemias  due  to  iron  and  dietary 
deficiency  were  within  normal  limits. 

Vikbladh  (68)  found  normal  serum  zinc  levels  in 
all  8  cases  of  essential  iron  deficiency  anemia  studied, 
but  in  pernicious  anemia  before  liver  therapy  the  serum  zinc 
levels  were  markedly  lowered.  Twenty  four  hours  after  the 
first  injection  of  liver  the  zinc  content  began  to  rise, 
usually  reaching  a  maximal  value  during  the  first  week. 

Vikbladh  (68)  studied  the  serum  zinc  content  in 
various  diseases.  He  found  that  cases  of  acute  rheumatic 
fever  showed  normal  serum  zinc  levels  while  cases  of  chronic 
polyarthritis  showed  a  significative  dedrease.  Patients 
with  ulcerative  colitis  showed  low  serum  zinc  content.  In 
seventeen  cases  with  hepatogenic  icterus  a  significant  decrease 
in  the  serum  zinc  content  was  noted.  Two  cases  of  hyperthyroid¬ 
ism  exhibited  elevated  serum  zinc  levels.  Subjects  with 
chronic  nephritis  had  low  serum  zinc  values  and  those  with 
acute  nephritis  had  normal  values. 

Other  worker  (95,96)  have  observed  lowered  serum 
zinc  levels  in  myocardial  infarction,  and  in  patients  with 
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cirrhosis  of  the  liver, 

Wolff  (69)  made  an  extensive  study  of  serum  zinc 
levels  in  various  pathological  conditions  and  found  elevated 
levels  in  hyperthyroidism,  essential  hypertension,  polycythemia 
vera,  eosinophilia,  and  x-radiation.  Serum  zinc  levels  were 
decreased  in  anemia,  leukemia,  tumourous  infections,  liver 
disease  and  cardiac  insufficiency.  His  values  agree  closely 
with  the  previous  observations  of  Vikbladh  (6£). 

E.  Zinc  Complexes. 

The  crystallization  of  insulin  as  a  zinc  salt  (97) 
led  to  the  belief  that,  zinc  is  an  integral  part  of  the  insulin 
molecule.  Hallas  -  Miller  and  Peterson  (9$)  found  that  the 
zinc  concentration  is  an  important  factor  in  the  action  of 
insulin-.  Solutions  of  insulin  with  0.1  per  cent  zinc  had  a 
prolonged  effect  on  the  blood  sugar  level  ( 99 ) ® 

Various  workers  have  observed  an  augmentation  in 
the  effect  of  gonadotrophic  extracts  when  zinc  salts  were 
added  (100-103).  These  effects  were  not  observed  when  the 
hormones  themselves- were  injected. 

It  seems  certain  that  zinc  uroporphyrin  exists. 

Kapp  (104)  found  that  a  combined  form  of  coproporphyrin  which 
occurs  in  the  human  urine  is  a  zinc  compound. 

Six  zinc  metalloproteins  have  been  characterized 
thus  far:  the  carbonic  anhydrase  of  ox  erythrocytes  (2),  the 
zinc  containing  protein  of  human  leukocytes  (105-107),  the 
carboxypeptidase  of  bovine  pancreas  (3),  the  alcohol  dehydro¬ 
genase  of  yeast  (4),  rabbit  muscle  lactic  dehydrogenase  (5), 
and  glutamic  dehydrogenase  of  beef  liver  (6). 

1.  Carbonic  Anhydrase. 

Carbonic  anhydrase  is  the  enzyme  which  catalyzes 
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the  following  reaction: 

H2C03  £=Z  H2Q  4  C02 

Keilin  and  Mann  (2,103)  found  conclusive  proof  that 
zinc  was  the  prosthetic  group  of  the  carbonic  anhydrase  molecule. 
They  found  that  a  parallelism  existed  between  carbonic  anhydrase 
activity  and  zinc  content.  The  removal  of  zinc  from  the  mole¬ 
cule  resulted  in  an  inactivation  of  the  enzyme.  There  appeared 
to  be  no  other  metal  associated  with  the  molecule.  Keilin 
and  Mann  found  the  zinc  content  to  be  0.3  to  0.33  per  cent. 

Scott  and  Fisher  (63)  only  observed  0.2  to  0.23  per  cent  zinc 
in  the  carbonic  anhydrase  molecule. 

Tupper  et  al  (109)  kept  carbonic  anhydrase  in  a 
solution  of  zinc^^  containing  zinc  salts  and  found  that  it 
takes  up  very  little  zinc.  When  erythrocytes  were  labelled 
in  vitro  with  little  or  none  of  the  zinc  which  entered 

the  erythrocytes  was  firmly  attached  to  carbonic  anhydrase. 
Therefore  it  would  appear  that  the  metal  is  an  integral  part 
of  the  molecule  and  is  firmly  bound  to  protein. 

Carbonic  anhydrase  is  also  found  in  the  parietal 
cells  of  gastric  mucosa  of  cats  and  rats  (110),  in  the  pro¬ 
state  gland  of  rats,  rabbits  and  humans  (ill),  and  also  in 
plants  (112). 

There  is  no  significant  decrease  in  carbonic  anhy¬ 
drase  in  zinc  deficient  rats  (113). 

2.  Leucocyte  Zinc  Protein. 

Since  no  carbonic  anhydrase  could  be  detected  in 
leukocytes  (105),  the  work  of  purification  of  the  zinc-containing 
protein  of  leukocytes  (34,106,107,114)  was  undertaken  to 
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determine  the  physiological  and  biochemical  significance  of 
zinc  in  human  leukocytes.  Human  leukocytes  were  found  to 
contain  zinc  in  a  constant  proportion  to  the  total  content 
of  protein.  The  zinc  present  was  firmly  bound  to  protein 
in  a  ratio  of  $2-117  ^ig  of  zinc  per  gram  of  protein.  Under 
the  conditions  of  extraction  used  by  Hoch  and  Vallee  (34)  a 
soluble  fraction  comprising  $1.1  per  cent  of  zinc  of  leuko¬ 
cytes  and  79.6  per  cent  of  protein  could  be  obtained.  The 
remaining  20.4  per  cent  of  leucocyte  protein  was  insoluble 
under  the  conditions  of  extraction.  Zinc  was  not  associated 
with  fractions  of  nucleic  acids. 

3.  Pancreatic  Carboxypeptidase . 

Vallee  and  Neurath  (3)  have  demonstrated  that 
carboxypeptidase  is  a  zinc  metalloenzyme  containing  1  atom 
of  zinc  per  molecule  of  enzyme  protein.  The  zinc  content 
increases  as  the  activity  increases,  becomes  constant  with 
crystallization,  and  is  not  materially  altered  by  recrystal¬ 
lization.  Other  metals  present  decrease  to  very  minute 
amounts  on  recrystallization.  The  zinc-protein  bond  is  main¬ 
tained  through  the  changes  in  pH,  ionic  strength,  temperature 
and  against  competition  with  other  ions.  It  has  been  con¬ 
cluded  therefore  that  zinc  is  a  structural  component  of  the 
enzyme. 

4.  least  Alcohol  Dehydrogenase. 

Vallee  and  Hoch  (4)  found  yeast  ADH  to  be  a  functional 
component  of  the  apo enzyme  molecule.  It  appears  that  four 
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atoms  of  zinc  are  present  in  one  molecule  of  ADH  apoenzyme. 
the  zinc  in  the  crystalline  preparations  is  firmly  bound; 
the  zinc  protein  bond  is  maintained  against  competitive 
physio-chemical  factors  involved  in  fractionation,  capable 
of  dissociating  it.  Recrystallization  or  dialysis  against 
water  fail  to  remove  zinc. 

5.  Glutamic  Dehydrogenase. 

Several  crystalline  preparations  of  beef  liver 
glutamic  dehydrogenase  were  examined  (6)  and  zinc  was  found 
to  be  an  integral  part  and  functional  component  of  the  enzyme 
molecule.  Based  on  molecular  weight  the  number  of  gram  atoms 
of  zinc  per  mole  of  enzyme  protein  varied  between  four  and 
five.  Activity-zinc  ratio  increased  with  purification  while 
the  content  of  other  metals  decreased. 

6.  Lactic  Dehydrogenase. 

Zinc  is  thought  to  be  a  functional  component  of  LDH 
of  rabbit  muscle  (5).  When  metal  binding  agents  were  added 
to  a  preparation  of  the  enzyme,  zinc  and  the  activity  of  the 
enzyme  were  inhibited.  When  zinc  was  added  with  the  agent, 
however,  the  activity  continued.  As  yet  no  zinc  to  protein 
ratio  has  been  established  for  this  enzyme. 

7.  Other  Enzymes. 

Enolase  was  found  by  Malmstrom  (115)  to  be  activated 
by  zinc.  One  metal  ion  per  molecule  of  enzyme  caused 
activation,  while  more  than  one  caused  inhibition. 

Various  workers  have  investigated  the  possibility 
that  uricase  is  a  zinc-proteid.  Holmberg  (116)  reported  that 
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uricase  contained  0.13  per  cent  zinc.  Davidson  (117)  con¬ 
firmed  only  0.09  per  cent  zinc.  Praetorius  (11$)  doing 
studies  with' B.A .L.^  found  that  the  zinc  in  uricase  combined 
with  the  B.A.L.  instantaneously  with  the  formation  of  a  stable 
compound.  He  concluded  that  uricase  was  probably  not  a  zinc 
proteid. 

Presence  of  zinc  as  an  active  constituent  of 
camosinase  (119),  dehydropeptidase  (120),  and  glycyl-rL-leucine 
dipeptidase  (121),  as  well  as  a  pure  yeast  polypeptidase  (122) 
has  not  been  conclusively  proven. 


!•  Dimercaprol  (2,  3-dimercaptopropanol) 


A.  Animals 
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3.  METHODS 


Male  albino  rats  of  the  Wistar  strain,  weighing  from 
240-300  grams,  were  used  in  adrenalectomy  and  cortisone  ex¬ 
periments.  Adrenalectomy  was  performed  b}r  the  dorsal  route 
and  animals  were  maintained  on  Miracle  dog  food  pellets^  and 
saline  (1%).  Rats  of  the  sprague-Dawley  strain,  hypophysectom- 
ized  by  the  transpharyngeal  route,  were  obtained  from  the  Hormone 
Assay  Laboratories^,  Normal  rats  for  control  purposes  were 
obtained  from  the  same  source.  The  hypophysectomized  rats 
were  maintained  on  a  diet  or  oranges,  white  bread  and  dog 
pellets,  with  water  ad  libitum. 

Macroscopic  examination  was  made  on  several 
hypophysectomized  animals  and  there  was  no  evidence  of 
pituitary  tissue.  The  adrenal  glands  showed  the  typical 
atrophy  associated  with  hypophsectomy. 

The  animals  were  fasted  for  24  hours  before  the 
experiment.  In  order  to  rule  out  numerous  small  sources  of 
variation,  control  animals  were  examined  with  each  group  of 
test  animals. 

At  the  time  of  killing  the  animals  were  anesthetized 
with  ether,  A  vertical  Incision  was  made  up  the  abdomen  to 
beyond  the  diaphragm.  A  sample  of  blood  was  withdrawn  directly 
from  the  heart  with  a  #1$  needle  Into  a  2  ml.  hypodermic  syringe, 
containing  a  small  amount  of  heparin.  The  sample  was  then 
placed  in  a  tared  crucible. 

The  liver,  adrenals,  testis  and  the  whole  prostate 
gland  were  removed,  blotted  to  remove  adhering  blood  and 


1.  Ogilvie  Flour  Mills  Co.  Ltd, 

2.  Hormone  Assay  Lab.  Inc.,  Chicago,  Ill.  U.S.A. 
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cleaned  of  adipose  tissue.  The  prostate  was  separated  into 
the  dorsolateral  and  ventral  portions. 

The  wet  weight  of  the  tissue  samples  was  determined, 
the  samples  dried  at  100°C  for  one  hour  and  then  dry-ashed 
in  a  muffle  furnace  for  six  hours  at  600°C. 

B.  Injections. 

Injections  of  cortisone  were  given  in  the  experiments 
called  chronic  experiments  for  a  period  of  fourteen  days  with 
the  last  dose  being  given  24  hours  prior  to  killing.  The 
chronic  dose  consisted  of  an  intraperitoneal  injection  of 
12.5  mg.  of  cortisone  per  day.  This  dose  was  the  same  as  that 
used  by  Gorby,  Leonard,  Ambrus,  and  Harrison  (123).  In  the 
acute  experiments  a  single  dose  of  25  mg.  of  cortisone  was 
given  24  hours  before  killing. 

ACTH  was  given  as  both  acute  and  chronic 
administrations  to  normal  and  hypophysectomized  animals.  Acute 
dosage  consisted  of  an  intraperitoneal  injection  of  4  mg.  per 
100  grams  body  weight,  given  four  hours  prior  to  killing  as 
was  used  previously  by  Riedel,  Logan  and  Rossiter  (124). 

Chronic  dosage  to  both  normal  and  hypophysectomized 
animals  was  0.4  mg.  per  day  by  intraperitoneal  injection  with 
the  last  dose  being  given  24  hours  before  killing  (124). 

Each  animal  was  injected  with  radioactive  zinc  in 
the  form  of  a  neutralized  solution,  containing  70  uc.  A 
specially  radiated  sample  was  used  which  had  a  very  high 
specific  activity  (1  me  per  mg.  Zn)^.  This  injection  was 
made  under  ether  anesthesia  into  the  external  jugular  vein 
24  hours  before  killing, 

1.  Received  from  Dr.  C.A.  Mawson,  Chalk  River,  Ontario. 
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C.  Zinc  Estimation. 

In  1926,  Fairhall  (125),  described  three  methods  for 
the  estimation  of  zinc  in  biological  material.  These  were 
gravimetric  or  titrimetric,  turbidimetric,  and  colorimetric 
procedures.  Newer  methods,  such  as  fluorescence  (126),  spectro- 
graphy  (127)  and  polarography  (12$),  have  been  used  with 
varying  success. 

The  procedure  which  has  been  used  most  extensively 
with  reporducible  results  has  been  the  dithizone  method  (129- 
132).  Zinc  reacts  with  diphenylthiocarbazone  in  weakly 
alkaline  medium  to  form  the  keto  complex  which  is  soluble  in 
carbon  tetrachloride  or  chloroform  giving  a  solution  with  a 
bright  red  color.  In  weakly  acid  solution  the  reaction 
depends  on  the  concentration  of  dithizone  in  the  organic 
solvent.  Since  many  other  metals  react  with  dithizone  it  is 
necessary  to  use  agents  to  prevent  the  interference  of  these 
metals.  Usually  sodium  thiosulfate  is  used  to  form  a  complex 
with  interfering  copper,  mercury,  silver,  bismuth,  gold,  lead 
or  cadmium.  Potassium  cyanide  is  used  to  prevent  the  reaction 
of  nickel  and  cobalt. 

Histochemical  techniques  for  the  determination  of 
zinc  have  not  met  with  much  success.  Glick  (133)  described 
a  method  by  which  zinc  is  precipitated  by  nitroprusside  and 
the  precipitate  is  stained  a  deep  purple  by  treatment  with 
sulfide.  Other  investigators  have  used  dithizone  as  a 
stain  with  better  results  (134-136). 

The  method  of  Vallee  and  Gibson  (131),  was  chosen  for 
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the  estimation  of  zinc  in  the  tissues  to  be  studied.*  Con¬ 
siderable  care  was  necessary  to  ensure  that  zinc-free  chemicals, 
water  and  glassware  were  used  throughout  this  procedure.  At 
pH  5.5  and  in  the  presence  of  tartrate  solution  and  complex¬ 
forming  buffer,  dithizone  combined  with  zinc  in  stoichiometric 
proportions  to  form  zinc  dithizonate,  but  did  not  combine  with 
other  metals  which  were  present.  The  completion  of  the  reaction 
was  accompanied  by  a  change  in  color  of  the  dithizone  from 
green  to  bright  red.  The  color  change  occurred  slowly  and 
appeared  to  pass  through  an  intermediary  purple  stage.  The 
complete  procedure  for  the  determination  of  zinc  is  given  in 
Appendix  A. 

A  Beckman  Model  B.  spectrophotometer  was  used  for 
the  colorimetric  determinations. 

Dithizone  in  carbon  tetrachloride  was  found  to  have 
an  absorption  maximum  at  625  nip,  while  zinc  dithizonate  showed 
an  absorption  maximum  at  515  mp,  but  was  transparent  at  625  mp. 
This  is  shown  in  Fig.  1.  These  readings  do  not  agree  entirely 
with  those  of  Vallee  and  Gibson  (131)  who  used  wavelengths  of 
620  and  520  mp.  Vikbladh  (6$)  used  wavelengths  of  620  and 
535  mp. 

With  the  filters  employed  by  Vallee  and  Gibson  (131) 
in  an  Evelyn  colorimeter  the  ratio  of  the  optical  densities 
of  dithizone  at  620  mp  and  520  mp  had  a  numerical  value  of  4.65. 

With  the  Beckman  spectrophotometer  and  taking  reading 
at  515  and  625  mp,  it  was  found  that  the  ratio  was  5.94.  These 
differences  are  insignificant  and  only  indicate  the  use  of 
different  instruments. 
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Figure  I.  Relationship  between  optical  density  and 
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The  zinc  content  of  the  samples  was  calculated  from 
the  following  equation  derived  from  Vallee  and  Gibson  ( 131 ) • 

Zn  s  [(L515  -  L625)  x  dJ  -  Blk  x  K 
L515  -  optical  density  at  515  nip. 

L625  s  optical  density  at  625  mp. 

R  a  ratio  of  optical  density  of  dithizone  in  carbon  tetra¬ 
chloride  at  625  mp  and  515  njp. 

D  -  dilution  factor  with  relation  to  original  volume. 

Blk  =  blank  determination. 

K  =  calibration  constant. 

A  stock  solution  of  zinc  chloride  was  prepared  by 
dissolving  100  mgm.  of  zinc  metal  dust  in  concentrated  HG1  to 
make  100  ml.  10  ml.  of  this  solution  was  transferred  to  a 
litre  volumetric  flask  and  made  up  to  volume  with  zinc  free 
water.  Each  ml.  therefore  contained  10  micro grams  of  zinc. 

In  order  to  establish  that  the  zinc  dithizonate 
followed  the  Lambert-Beer  law,  a  series  of  standards  containing 
5  to  50  micrograms  of  zinc  was  prepared.  These  standards  were 
extracted  with  dithizone  and  the  total  zinc  dithizonate  was 
made  up  initially  to  50  ml.  Further  dilutions  with  carbon 
tetrachloride  were  made  when  necessary. 

The  results  are  presented  in  Figure  2  and  a  straight 
line  relationship  was  observed  over  the  range  examined. 


Figure 
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2.  The  relationship  between  corrected  optical 
density  at  515  mp  and  concentration  of  Zn. 
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D.  Determination  of  Radioactivity. 

Zn65  is  one  of  13  known  isotopes  of  zinc.  The 

disintegration  scheme  may  be  shown  as  follows  (137) 

Int5 


It  has  a  half-life  of  250  days. 

/Lr 

The  radioactivity  due  to  the  Zn  in  the  samples 
was  measured  using  a  well  scintillation  counter^*.  The  zinc 
dithizonate  previously  determined  colorimetrically  was  ex¬ 
tracted  with  10  ml.  of  dilute  H^SO^  and  this  acid  solution  used 
for  counting. 

2 

Counts  were  recorded  on  a  decade  scaler  , 

The  counting  rate  was  corrected  for  background  and 
decay.  All  counts  were  corrected  to  the  time  of  the  first 
experiment. 

One  dose  as  previously  described  (page  17)  of  the 
65 

solution  of  Zn  was  taken  for  the  preparation  of  a  standard. 
This  volume  was  diluted  to  100  ml.  and  100 X  transferred  to  a 

pX 

planchette  for  counting  under  a  Geiger-Miiller  tube. 

1.  Atomic  Instrument  Company,  Cambridge  39,  Mass. 

2.  Tracerlab,  Ottawa  2,  Ontario. 
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E.  Definition  of  Terms. 

Specific  Activity  - 

The  specific  activity  of  a  sample  was  defined  as 
the  number  of  counts  per  minute  per  jig  of  zinc. 

Specific  activity 

jig  Zn  in  the  sample 

The  specific  activity  relative  to  the  specific 
activity  of  the  whole  blood  is  defined  by: 


Relative  Specific  Activity  -  Specific  activity  of  sample _ 

Specific  activity  of  whole  blood 


x  10' 


Corrected  Specific  Activity. 

Since  a  constant  amount  of  Zn^5  was  injected  regard¬ 
less  of  the  size  of  the  animals,  it  was  necessary  when  blood 
samples  from  different  animals  were  to  be  compared,  to  correct 
the  specific  activity  for  differences  in  dilution.  The 
specific  activity  obtained  for  a  particular  rat  was  multiplied 
by  the  body  weight  at  the  time  of  killing  to  give  a  value 
(corrected  specific  activity)  independent  of  animal  size. 

These  figures  were  reduced  by  a  factor  of  1C)3  to  make  them 
more  easily  handled. 
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4.  EXPERIMENTAL  RESULTS 

PART  1.  Adrenalectomy  and  Cortisone  Experiments. 

The  incorporation  of  Zn^5  and  the  concentration  of 
zinc  were  studied  in  rats  under  different  hormonal  conditions. 

Rats  adrenalectomized  for  a  period  of  14  days  were 
compared  with  normal  animals.  Both  normal  and  adrenalectomized 
rats  were  treated  with  cortisone  in  acute  and  chronic  experi¬ 
ments  as  previously  described  (page  17). 

Hypophysectomized  animals  were  compared  to  normal 
animals  either  5  or  19  days  after  hypophysectomy .  Both  normal 
control  and  test  animals  were  treated  with  adrenocorticotrophic 
hormone  in  acute  and  chronic  experiments  (page  17 ) • 

Tissues  studied  were  whole  blood,  liver,  adrenals, 
testis,  dorsolateral  and  ventral  prostates. 

The  criteria  for  the  conditions  of  the  experiments 
and  the  administration  of  the  hormones  were  previously 
established  and  discussed  under  the  methods  ( pages  16  and  17). 

A  statistical  evaluation  and  comparison  of  the 
results  is  presented  for  each  tissue.  The  individual  figures 
obtained  for  the  tissues  of  each  animal  are  presented  in  table 
form  in  Appendix  B. 

A.  Whole  Blood 

Table  1  presents  a  statistical  comparison  of  the 
effects  of  adrenalectomy  and  the  administration  of  cortisone 
on  the  zinc  concentration  and  Zn^5  uptake  of  the  blood. 

Whole  blood  was  used  in  these  experiments.  Adrenalec¬ 
tomy  appeared  to  cause  a  marked  decrease  in  the  amount  of  zinc 
present  but  had  no  effect  on  the  specific  activity,  corrected 


Whole  Blood  -  Effect  of  Adrenalectomy  and  the  Administration  of 
Cortisone  on  the  Zn  Concentration  and  Zn^5  Incorporation 
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for  animal  weight  variations.  Cortisone,  when  administered 
as  a  single  dose  to  normal  animals  caused  a  similar  reduction 
in  the  amount  of  zinc  but  no  effect  was  observed  on  the  zinc^ 
uptake.  Cortisone  administered  to  adrenalectomized  animals 
in  chronic  or  daily  dosage  caused  recovery  to  normal  in  the 
zinc  level  and  a  significant  increase  in  the  corrected  specific 
activity.  An  acute  dose  of  cortisone  was  effective  in  causing 
a  similar  increase  in  the  corrected  specific  activity.  The 
amount  of  zinc  in  the  blood  was  found  to  agree  closely  with 
that  published  by  Vallee  and  Altschule  (35). 

B.  Liver. 

In  liver  tissue  there  were  no  observable  changes  in 
normal  animals  (Table  II).  Adrenalectomy  appeared  to  have 
no  effect.  With  cortisone  a  decrease  occurred  in  the  zinc 
concentration  with  a  single  dose  and  an  increase  in  the  relative 
specific  activity  occurred  in  both  the  acute  and  chronic  experi¬ 
ments. 

C.  Adrenals. 

The  administration  of  daily  doses  of  cortisone 
resulted  in  a  marked  Increase  in  the  zinc  concentration  (Table 
III).  This  was  not  shown  with  a  single  dose.  However, 
only  the  single  dose  caused  a  significant  increase  in  the 
relative  specific  activity. 

The  amount  of  zinc  in  the  adrenal  glands  is  relatively 
high  being  about  5  times  that  of  blood  and  2-3  times  that  of 
the  testis  and  anterior  prostate. 

D.  Testis. 

The  amount  of  zinc  in  the  testis  is  small.  Only 
the  administration  of  daily  doses  of  cortisone  caused  any  change 
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TABLE  II 

aver  *  Effect  of  Adrenalectomy  and  the  Administration  of 
Cortisone  on  the  Zn  Concentration  and  Zn^5  Incorporation 
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Adrenals  -  Effect  of  Adrenalectomy  and  the  Administration  of 
Cortisone  on  the  Zn  Concentration  and  Zn^  Incorporation 
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in  concentration,  a  small  but  significant  increase  occurred 
(Table  IV).  A  decrease  in  the  relative  specific  activity  was 
observed  in  normal  animals  given  a  single  dose  of  cortisone. 

E.  Dorsolateral  Prostate. 

This  tissue  as  previously  observed  (7)  contained  a 
large  amount  of  zinc  per  unit  weight  (Table  V).  Adrenalectomy 
caused  a  reduction  and  both  chronic  and  acute  cortisone  pro¬ 
duced  a  marked  increase  in  the  amount  present.  The  relative 
specific  activity,  however,  was  not  altered  by  adrenalectomy 
although  treatmeht  with  cortisone  did  result  in  an  increase 
in  adrenalectomized  animals. 

F.  Ventral  Prostate. 

The  ventral  prostate  differed  considerably  from  the 
posterior  prostate.  The  amount  of  zinc  present  was  only 
about  one-tenth  that  in  the  dorsolateral  prostate  (Table  VI). 
The  relative  specific  activity  is  only  about  one-half  that 
in  the  dorsolateral  prostate.  Adrenalectomy  had  no  effect 
on  the  zinc  concentration  or  Zn^5  uptake.  The  administration 
of  cortisone  had  no  effect  on  the  concentration  but  was  able 
to  cause  certain  changes  in  the  relative  specific  activity  in 
both  normal  and  adrenalectomized  animals. 
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estis  -  Effect  of  Adrenalectomy  and  the  Administration  of 
Cortisone  on  the  Zn  Concentration  and  Zn^  Incorporation 
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Dorsolateral  Prostate  -  Effect  of  Adrenalectomy  and  the  Administration  of 
Cortisone  on  the  Zn  Concentration  and  Zn^^  Incorporation 
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Discussion  of  Adrenalectomy  and  Cortisone 
Experiments 

The  tissues  of  principle  interest  in  this  study 
were  the  sex  glands  of  the  rat.  It  was  found  that  the  dorso¬ 
lateral  prostate  gland  contained  10  times  more  zinc  than  the 
ventral  prostate;  5  times  more  than  the  liver;  $  times  more 
than  testis;  and  approximately  20  times  more  than  whole  blood. 
These  findings  agree  closely  with  those  of  Mawson  and  Fischer 
(7)  for  prostate,  liver  and  testis,  and  those  reported  by 
Vallee  and  Altschule  (35)  for  blood  in  the  rat.  The  difference 
in  zinc  concentration  between  the  dorsolateral  and  ventral 
prostate  which  was  observed  by  Mawson  and  Fischer  (?')  was 
verified.  This  observation  points  up  the  fact  that  the  dorso¬ 
lateral  and  ventral  prostates  are  two  entirely  different  glands. 

Zinc  concentration  decreased  after  adrenalectomy  in 
both  dorsolateral  prostate  and  blood.  Vikbladh  (6$)  reported 
a  decrease  in  zinc  concentration  in  serum  in  Addison1 s  disease 
and  elevated  levels  when  either  cortisone  or  desoxycortico- 
sterone  were  instituted  as  therapy.  By  adrenalectomizing, 
experimental  Addison’s  disease  has  been  produced  with  an 
accompanying  fall  in  blood  zinc  concentration  and  a  return  to 
normal  levels  after  therapy  with  cortisone  during  the  period 
of  adrenalectomy. 

Although  the  concentrations  of  zinc  were  altered,  the 
relative  specific  activity  of  the  tissues  and  the  corrected 
specific  activity  of  the  blood  were  not  altered  significantly 
by  adrenalectomy.  This  would  indicate  that  the  metabolism 


-  35  - 


of  Zn^  in  an  adrenalectomized  animal  (Ik  days  after  adrenalec¬ 
tomy)  was  in  the  same  ratio  as  in  a  normal  animal.  This  would 
also  suggest  that  the  mechanism  responsible  for  the  control 
and  utilization  of  zinc  in  tissues  was  still  functioning  or 
that  it  had  been  replaced  by  some  auxiliary  mechanism. 

When  adrenalectomized  animals  were  treated  with 
cortisone  acetate  the  relative  specific  activities  of  the 
tissues  and  the  corrected  specific  activity  of  the  blood  were 
increased  significantly  in  all  tissues  but  testis#  Cortisone 
therefore  seemed  to  cause  an  increased  uptake  by  all  the  tissues 
or,  alternatively,  a  decrease  in  backflow  from  the  tissues. 

The  cortisone,  therefore,  acted  either  as  a  stimulant  if  the 
uptake  was  increased,  or  a  depressant  if  the  retention  was 
greater. 

Zinc  concentration  returned  to  normal  in  dorsolateral 
prostate  and  blood  after  therapy  with  cortisone. 

Acute  doses  of  cortisone  increased  the  Zn°^  concentra¬ 
tion  in  blood,  liver,  and  ventral  prostate.  Dorsolateral 
prostate  did  not  exhibit  an  increase  in  Zn^  under  these  condi¬ 
tions.  This  was  probably  due  to  the  large  increase  in  zinc 
concentration  which  masked  the  increase  in  Zn^5, 

The  increased  amount  of  radioactive  zinc  in  the  blood 
would  probably  indicate  that  the  Z n^5  was  being  retained  in 
the  blood  or  more  backflow  from  tissues  was  occurring. 

Zinc  concentration  and  specific  activities  were  not 
affected  to  any  extent  by  cortisone  injections  in  normal 
animals.  Only  in  the  adrenals  was  the  relative  specific 
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activity  affected  after  acute  treatment  with  cortisone.  The 
retention  of  Zn^5  by  the  adrenal  was  probably  increased. 

After  chronic  dosage  there  was  a  very  marked  increase 
in  zinc  concentration  in  the  adrenals.  Cortisone  is  known 
to  inhibit  the  adrenal  and  the  formation  of  corticoids  is 
decreased.  It  would  appear  that  the  zinc  in  the  gland  is 
selectively  concentrated.  It  is  possible  that  the  buildup 
of  zinc  indicates  an  association  of  zinc  with  corticoid  forma¬ 
tion.  Further  evidence  for  such  an  association  is  given  in 
the  experiment  on  hypophysectomized  animals. 

After  dhronic  treatment  with  cortisone,  the  Zn^^ 
concentration  of  the  ventral  prostate  was  increased  in  normal 
animals.  The  dorsolateral  prostate  did  not  exhibit  this  effect. 

It  would  appear  that  in  normal  animals,  in  the 
presence  of  the  adrenal  glands,  cortisone  had  neither  a 
stimulating  nor  an  inhibitory  effect  on  the  Zn^5  metabolism. 

Zinc  concentration  was  affected  in  blood  where  a 
decrease  was  observed  after  acute  treatment  with  cortisone. 

In  the  adrenals  after  chronic  treatment  with  cortisone  an 
increase  was  observed. 

It  may  be  concluded  that  the  adrenals  possess  some 

control  over  the  Zn^^  levels  in  the  tissues  studied.  In  the 

absence  of  the  adrenals,  cortisone  produced  a  reversal  of  the 

adrenalectomy  effect  in  these  tissues.  Cortisone  either 

6S 

stimulated  all  tissues  to  increase  the  amount  of  Zn  '  uptake 
or  inhibited  the  backflow  from  the  tissues.  The  mechanism 
whereby  such  an  effect  occurs  is  not  known. 
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RESULTS 

Part  II  -  Hypophysectoray  and  ACTH  Experiments, 

A  statistical  evaluation  and  comparison  of  the 
results  is  presented  for  each  tissue.  The  individual 
figures  obtained  for  the  tissues  of  each  animal  are  pre¬ 
sented  in  table  form  in  Appendix  C. 

A,  Blood: 

Table  VII  shows  a  statistical  comparison  of  the 
effects  of  hypo phy sec to my  and  the  administration  of  ACTH 
on  the  zinc  concentration  and  Zn^  uptake  of  the  blood. 

Hypo phy sectomy  appeared  to  have  no  effect  on  the 
amount  of  zinc  present.  An  increase  in  the  corrected  specific 
activity  was  observed  in  the  5-day  hypo phy sect omi zed  animals. 
ACTH  when  administered  as  a  single  dose  to  normal  animals  did 
not  cause  any  change  in  either  the  zinc  concentration  or  the 
corrected  specific  activity.  When  a  single  dose  was  admini¬ 
stered  to  hypophysectomized  animals,  however,  a  significant 
decrease  in  the  corrected  specific  activity  occurred.  This 
was  true  of  both  the  5-day  and  the  19-day  hypophyse eternized 
animals. 

ACTH  administered  daily  over  14  days  to  normal  and 
hypophysectomized  animals  caused  a  marked  decrease  in  the 
zinc  concentration.  The  corrected  specific  activity  increased 
after  chronic  dosage  in  hypophysectomized  animals, 

B.  Liver: 

In  the  liver  tissue  there  were  no  observable  changes 
in  the  zinc  concentration  of  normal  animals  (Table  VIII). 
Hypophysectomy  caused  an  increase  in  the  zinc  concentration 


Whole  Blood  -  Effect  of  Hypophysectomy  and  the  Administration  of 
AGTH  on  the  Zn  Concentration  and  Zn^5  Incorporation 
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in  the  liver  without  a  corresponding  change  in  the  relative 
specific  activity*  With  ACTH  an  increase  in  specific  activity 
was  observed  in  5-day  hypophysectomized  animals  after  acute 
dosage*  After  chronic  dosage  the  relative  specific  activity 
of  the  liver  was  increased  in  both  normal  and  hypophysec¬ 
tomized  animals.  A  marked  decrease  in  zinc  concentration 
occurred  in  hypophysectomized  animals  after  chronic  dosage. 

C.  Adrenals: 

The  administration  of  ACTH  to  normal  and  hypophysec¬ 
tomized  animals  caused  a  decrease  in  the  zinc  concentration 
and  an  increase  in  the  relative  specific  activity  (Table  IX). 

The  zinc  concentration  of  the  adrenals  in  hypophysectomized 
animals  decreased  initially  but  after  19  days  levels  twice  that 
of  normal  were  obtained.  Hypophysectomy  for  19  days  caused 
a  decrease  in  the  relative  specific  activity  in  adrenals. 
Treatment  with  ACTH  in  acute  dosage  resulted  in  a  decrease 
in  the  relative  specific  activity. 

D.  Testis: 

Hypophysectomy  did  not  alter  the  zinc  concentration 
but  caused  a  decrease  in  the  relative  specific  activity  (Table  X) 
The  testis  showed  almost  the  same  changes  as  the  dorsolateral 
prostate  (Table  XI).  An  increase  in  the  zinc  concentration 
in  normal  animals  and  a  decrease  in  hypophysectomized  animals 
was  observed  after  chronic  treatment  with  ACTH.  Hypophysec¬ 
tomized  and  normal  animals  treated  with  chronic  ACTH  both 
exhibited  decreased  relative  specific  activities.  The  ACTH 
cannot  raise  the  level  of  the  relative  specific  activity  as  it 
did  in  the  ventral  and  dorsolateral  prostate. 


Adrenals  -  Effect  of  Hypophysectomy  and  the  Administration  of 
ACTH  on  the  Zn  Concentration  and  Zn^5  Incorporation 
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E,  Dorsolateral  Prostate: 

Hypophysectomy  for  5  days  caused  a  reduction  in  the 
amount  of  zinc  as  well  as  in  the  relative  specific  activity 
(Table  XI).  These  changes  were  more  marked  after  the  19day 
hypophysectomy  period.  Chronic  treatment  of  normal  animals 
with  ACTH  caused  a  marked  increase  in  zinc  concentration  and 
relative  specific  activity.  The  amount  of  zinc  present  was 
approximately  5  times  that  of  normal. 

Treatment  of  hypophysectomized  animals  with  ACTH 
resulted  in  a  further  decrease  of  zinc  concentration  but  the 
relative  specific  activity  was  increased  to  twice  that  of 
hypophysectomized  (19-day)  levels. 

F.  Ventral  Prostate: 

Ventral  prostate  is  affected  very  little  by  hypophy¬ 
sectomy  and  ACTH  administration.  Chronic  administration  of 
ACTH  caused  a  decrease  of  zinc  concentration  in  both  normal 
and  hypophysectomized  animals  (Table  XII).  The  relative 
specific  activity  was  increased  in  the  hypophysectomized  animals 

after  chronic  ACTH  administration.  Hypophysectomy  caused  the 
relative  specific  activity  to  decrease  markedly  after  5  days 
with  a  further  decrease  after  19  days. 
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Discussion  of  Hyphphvsectomy  and  ACTH 

Experiments 

Gunn  and  Gould  (12)  reported  that  the  selective 
uptake  of  Zn^  by  the  dorsolateral  prostate  gland  was  decreased 
following  hypophysectomy  and  could  be  maintained  if  gonadotro¬ 
phin  was  administered.  In  the  experiments  reported  here  there 
was  a  decreased  zinc  concentration  and  an  even  more  marked 
decrease  in  the  Zn65  uptake  following  hypophysectomy.  The 
effect  was  much  greater  than  in  any  other  tissue.  This  would 
suggest  that  the  Zn^5  uptake  by  the  dorsolateral  prostate  is 
probably  influenced  by  the  pituitary  gland.  Chronic  treatment 
with  ACTH  resulted  in  a  two-fold  increase  in  relative  specific 
activitir.  This  suggests  that  ACTH  is  responsible  at  least 
in  part  for  zinc  metabolism  in  this  tissue. 

Normal  animals  when  treated  with  ACTH  in  chronic 
dosage  exhibited  a  marked  increase  in  the  zinc  concentration 
and  Zn0:>  uptake.  The  ACTH  caused  a  buildup  of  zinc  in  the 
dorsolateral  prostate.  The  function  of  the  zinc  is  not 
known  but  it  seems  possible  that  any  increased  storage  of  zinc 
fakes  place  because  other  organs  are  not  functioning  to 
excrete  the  excess  zinc  or  that  the  gland  when  stimulated  can 
concentrate  zinc  beyond  its  normal  capacity. 

Hypophysectomy  did  not  affect  the  zinc  concentration 
of  the  blood.  The  corrected  specific  activity,  however,  was 
increased  initially  following  hypophysectomy  but  returned  to 
normal  after  the  19-day  period  of  hypophysectomy.  A  period 
for  readjustment  of  hormonal  control  was  probably  necessary. 
ACTH  administered  to  normal  and  hypophysectomized  animals  in 
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chronic  dosage  caused  a  decrease  in  zinc  concentration  to  about 
one-quarter  the  original  value.  A  redistribution  of  zinc 
took  place  with  the  whole  blood  losing  a  part  of  its  supply 
to  other  tissues  or  alternatively,  the  mobility  of  the  zinc 
has  increased  leaving  the  amount  of  zinc  present  at  a  lower 
level.  One  dose  of  ACTH  decreased  the  corrected  specific 
activity  in  hypophysectomized  animals  while  chronic  dosage 
caused  an  increase  in  the  corrected  specific  activity. 

ACTH  did  not  affect  the  zinc  concentration  of  the 
liver  of  normal  animals  but  did  cause  a  decrease  in  the 
zinc  concentration  in  hypophysectomized  animals  after  chronic 
treatment.  This  change  is  the  same  as  occurred  in  all  other 
tissues  studied.  Hypophysectomy  itself  caused  an  increase 
in  zinc  concentration  in  the  liver  after  both  5  and  19  days. 

The  increased  buildup  in  the  liver  following  hypophysectomy 
along  with  the  decreased  concentration  in  dorsolateral  prostate, 
and  adrenal  indicates  that  only  the  more  active  glands  are 
affected  by  alteration  in  hormone  balance  resulting  from 
removal  of  the  pituitary.  Upon  treatment  of  hypophysectomized 
animals  with  ACTH  in  chronic  dosage  the  zinc  becomes  more 
mobile  and  It  no  longer  stored  but  rather  is  in  a  transient 
stage . 

The  uptake  of  Zn^5  by  normal  and  hypophysectomized 
animals  was  increased  when  ACTH  was  given  in  acute  dosage  or 
in  chronic  dosage  to  hypophysectomized  animals. 

The  adrenal  glands  showed  an  initial  decrease  in 
zinc  concentration  following  hypophysectomy  with  greatly 
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elevated  levels  19  days  after  the  operation.  If  the  buildup 
of  zinc  in  the  adrenal  glands  of  hypophy sectoral zed  animals 
indicates  that  corticosteroid  formation  is  at  a  very  low  level, 
then  it  may  be  true  that  zinc  takes  part  in  adrenal  corticosteroid 
formation.  The  low  levels  of  zinc  in  the  adrenals  of  normal 
animals  after  treatment  with  ACTH  would  further  substantiate 
the  above  statement.  The  relative  specific  activity  increased 
after  chronic  treatment  with  ACTH  in  both  normal  and  hypophy- 
sectomized  animals.  If  the  gland  is  functioning  at  a  high 
level  the  amount  of  Zn^5  taken  up  by  the  gland  may  be  increased 
or  the  backflow  from  the  gland  decreased. 

Testis  showed  the  same  alteration  in  zinc  concentra¬ 
tion  as  the  dorsolateral  prostate.  An  increase  in  zinc 
concentration  after  ehronic  treatment  of  normal  animals  and 
a  decrease  after  chronic  treatment  of  hypophysectomized  animals 
occurred.  The  ACTH  caused  the  testis  to  take  up  less  Zn^5 
or  it  may  have  increased  the  backflow  from  the  tissue,  Hypo¬ 
phy  sec  to  my  also  decreased  the  Zn^5  uptake  or  increased  the  back- 
flow  from  the  tissue. 

The  relative  specific  activity  of  ventral  prostate 

was  decreased  significantly  following  hypo physectomy .after  5 

days  and  decreased  further  after  the  19  day  period.  The 

gland  presumably  became  less  able  to  concentrate  the  Zn^5 

which  is  present  or  has  increased  the  amount  leaving  the 

65 

gland.  ACTH  in  chronic  dosage  caused  the  Zn  J  levels  to  be 
increased.  In  the  absence  of  the  pituitary,  therefore,  the 
ACTH  has  the  ability  to  increase  Zn^5  levels  and  may  in  some 

way  influence  the  control  mechanism  of  uptake  in  the 

prostate  glands. 
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5.  SUMMARY 

1.  A  study  was  made  of  the  effects  of  adrenalectomy  and 
hypophysectoray  on  zinc  concentration  and  Zn^5  incorporation* 

2.  Treatment  of  normal  and  experimental  animals  with 
adrenocorticotrophic  hormone  and  cortisone  was  also 
undertaken. 

3.  The  tissues  studied  were  the  whole  blood,  liver,  adrenals, 
testis,  dorsolateral  and  ventral  prostates. 

4.  Adrenalectomy  caused  significant  decreases  in  the  zinc 
concentration  of  blood  and  dorsolateral  prostate  with  a 
return  to  normal  following  chronic  treatment  with 
cortisone.  This  would  indicate  that  the  zinc  concentration 
of  the  dorsolateral  prostate  is  in  some  way  partly 
controlled  by  the  adrenal  gland. 

5*  Cortisone  caused  increased  levels  of  Zn^5  in  adrenal- 
ectomized  animals  in  all  tissues  but  testis  following 
chronic  administration  of  the  hormone. 

6.  Hypophysectomy  caused  the  zinc  concentration  to  be  decreased 
in  dorsolateral  prostate  with  a  corresponding  decrease 

in  Zn^5  incorporation.  This  may  be  due  to  absence  of 
gonadotrophins  but  it  may  also  be  due  in  part  to  an 
absence  of  ACTH. 

7.  Chronic  treatment  of  hypophysectomized  animals  with  ACTH 
resulted  in  a  lowering  of  zinc  concentrations  in  all 
tissues  but  increased  the  Zn^5  incorporation  in 
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dorsolateral  and  ventral  prostate. 

Because  of  the  dramatic  changes  observed  in  the  zinc 
concentration  of  the  adrenal  with  hypophysectomy  and  the 
administration  of  cortisone  and  ACTH  it  has  been  postulated 
that  zinc  is  in  some  way  associated  with  corticosteroid 
formation. 

i 

9.  It  is  also  postulated  that  the  adrenal  gland  is  associated 
with  the  control  of  zinc  metabolism  in  the  tissues  studied. 
It  has  been  previously  shown  that  the  gonadotrophins  have 
a  marked  effect  on  zinc  metabolism  in  the  dorsolateral 
prostate.  The  work  reported  here,  however,  has  shown  that 
in  the  presence  of  the  pituitary  gland,  changes  in  adrenal 
activity  also  result  in  certain  changes  in  the  dorsolateral 
zinc  picture. 
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APPENDIX  A 


DETAILED  METHOD  OF  ZINC  ANALYSIS 


Animals  and  Tissue 

1.  Remove  food,  but  not  water  (or  saline)  from  animals  24  hours 
before  killing. 

2.  Inject  Zn^5  at  appropriate  intervals  before  killing.  Use 
the  same  syringe  to  inject  one  dose  of  Zn^5  into  a  100  ml 
volumetric  flask  for  Zn^  standard. 

3.  Anesthetize  with  ether.  Make  a  longitudinal  incision 
along  the  abdomen  and  into  the  pleural  cavity. 

4.  Remove  approximately  one  ml  of  blood  from  the  heart  in  a 
heparinized  syringe. 

5.  Remove  the  adrenals,  blot  clear  of  adhering  adipose  and 
connective  tissue. 

6.  Remove  approximately  500  mgm.  of  liver  from  the  central 
lobe,  blot  to  remove  adhering  blood. 

7.  Remove  the  testis  and  prostate  gland. 

8.  Separate  the  prostate  into  dorsolateral  and  ventral  portions. 

9.  Weigh  the  tissues  in  tared  crucible. 


Analysis  Method. 

1.  Dry  the  tissue  for  one  hour  at  100°C. 

2.  Ash  the  tissue  for  six  hours  at  600°C.  in  a  muffle  furnace. 

3.  Dissolve  the  ash  by  slow  boiling  in  2  N  HC1. 

4.  Evaporate  to  a  volume  of  5  ml  on  a  hot  plate  and  transfer 
to  a  125  ml  Squibb  separatory  funnel  by  repeated  washing 
with  hot  zinc  free  water. 

5*  Add  2  ml  of  tartrate  solution. 

6.  Add  2  drops  of  methyl  red  solution. 

7.  Titrate  to  pH  5.5  with  0.1  N  Nh^OH  (peach  color). 

8.  Add  50  ml  buffer  solution  and  allow  to  stand  until  the 
color  has  completely  faded. 

9.  Add  about  10  ml  of  dithizone  solution  in  carbon  tetrachloride 
and  shake  vigorously  for  two  minutes. 

10.  Draw  off  bottom  layer  (dithizone)  into  a  50  ml  volumetric 
flask. 

11.  Repeat  until  the  dithizone  in  the  separatory  funnel  remains 
a  clear  green. 

12.  Add  carbon  tetrachloride  to  volume. 

13.  Carry  out  the  same  procedure  with  5  ml  of  zinc  free  water 
in  place  of  the  sample  to  serve  as  a  blank. 

14.  Read  in  a  spectrophotometer  at  wavelengths  of  515  and  625  mja. 

15.  Return  dithizone  solution  from  the  50  ml  volumetric  flask 
to  a  Squibb  separatory  funnel. 

16.  Add  10  ml  of  dilute  H2S0^. 

17.  Shake  until  dithizone  is  clear  green  again. 

1$.  Draw  off  aqueous  layer  into  10  ml  volumetric  flask. 

19.  Count  in  scintillation  counter. 
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Reagents. 


All  reagents  must  be  absolutely  zinc  free.  The 
best  grade  of  chemically  pure  reagents  was  obtained  and  even 
those  may  contain  zinc  in  sufficient  amounts  to  result  in 
significant  errors  in  the  range  of  zinc  content  in  which  the 
worker  was  interested. 

1.  Zinc  Free  Water. 

This  was  obtained  by  passing  distilled  water  through 
a  Bantam  demineralizer  (Barnstead  Still  and  Sterilizer  Co.) 


2.  Diphenylthiocarbazone  (Dithizone) 

S  =  =  C6H5 

=  N^C6H5 

100  mgm  were  dissolved  in  1000  ml  of  carbon  tetra¬ 
chloride  (previously  redistilled).  This  stock  solution  of 
10  mgm  %  was  diluted  to  1  mgm  %  for  the  extraction  of  small 
quantities  of  zinc. 


3.  Buffer  Solution. 

556  gm  Sodium  Thiosulfate 
90  gm  Sodium  Acetate 
10  gm  Potassium  Cyanide 

The  chemicals  were  dissolved  in  1000  ml  of  zinc 
free  water.  The  solution  was  then  titrated  to  pH  5.5  with 
15  N  Acetic  Acid.  A  sensitive  pH  meter  was  used  to  make  the 
adjustment.  The  solution  was  then  made  up  to  2000  ml  with 

zinc  free  water  in  a  volumetric  flask.  The  buffer  was  then 
shaken  with  dithizone  in  carbon  tetrachloride  to  remove  any 
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contaminating  zinc,  the  extraction  being  repeated  in  a  500  ml 
separatory  funnel  until  the  dithizone  remains  clear  green. 

4*  Tartrate  Solution. 

A  20 %  solution  of  Sodium  Potassium  Tartrate  C.P. 
(Rochelle  Salts)  was  made  up  with  zinc  free  water.  This 
solution  was  shaken  out  with  dithizone  in  the  same  manner  as 
the  buffer. 

5.  0.1  N  Nh.OH 

4 

6.  Concentrated  NH^OH 

7.  Dilute  H  SO 

^  4 

Methyl  red  indicator. 

9.  Zinc  Solution. 

100  milligrams  of  zinc  metal  dust  were  dissolved  in 
concentrated  hydrochloric  acid  to  make  100  ml.  10  ml  of  this 
solution  were  transferred  to  a  litfce  volumetric  flask  and  made 
up  to  volume  with  zinc  free  water.  (Each  ml  contains  10  jjtgm 
of  zinc) . 
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Blood  -  Normal  Animals 

Effect  of  Cortisone  on  Zn  Concentration  and  Zn^5  Incorporati 
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Liver  -  Normal  Animals 

Effect  of  Cortisone  on  Zn  Concentration  and  Zn^5  Incorporati 
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Dorsolateral  Prostate  -  Normal  Animals 


CORTISONE  (Acute) 

Rel.S/A. 

NO  4  4  CO  to  4nO 
•  •••••• 

nO  rH  NiaO^Om^ 

OSrH  CSnO 

CO  CO  rH  rH  CO  CO  CO 

215.6 

CO 

CO 

41 

c 

N 

hi 

<c  w 

CO  o 

CO  0-OS0\UNC0  1— 1 
to  O-  CS  On  to  os  os 
-4  CO  rH  H  4nO  vO 

CO  CO  CO  CO  CO  CO  CO 

-4 

i — 1 

4 

CO 

to 
o- 
1 — 1 
4| 

£ 

bfi 

\ 

£  U 

IS]  3. 

os  to  HSOOiA 
•  •••••• 

cs  Q\  CO  OvO  NO  IS¬ 
ON  CO  H 

rH  CO  CO  CO  CO  rH  CO 

212.3 

os 

• 

o 

CO 

41 

CORTISONE  (Chronic) 

< 

CO 

• 

1 — 1 

0 

Ct: 

CO  VO  -4 -CO  NO  CO  O  ON  CO  ON 

H  nd  QnCO  rH  US  OS  On  nO 

COCOCOiHCOOSCOosCOOS 

UN 

NO 

CO 

4 

os 

41 

S/A 

cts/ue  Zn 

us  rH  O  NO  CO  CO  CO  C^-NO  rH 

CO  -4  O  O-vO  vOcsHC'On 

C'-nO  to  -4  vrwO  rs  C^-  -4  On 

COCOCOCOCOCOCOCOCOCO 

IS¬ 

OS 

NO 

CO 

-4 

us 

rH 
+  1 

£ 

txC 

c  w 

to  3 

to  14  tO  -4  US  rH  CO  CO  -4rH 

•  ••••••••• 

usccuso  is  US  to  to  OnO 

rH  -4  CO  rNONCOvO  UN  uses 

COCOCOCOrHCOi — iCOrHrH 

211.1 

CO 

OS 

41 

j 

• 

CO 

1 — 1 

0 

C4 

(H  ON usvo  OnOnosi>-cousosuncoOOnQ4 
rH  ON  H  to  NO  rH  S-tO  <J\tO  tO  vO  OnnO  OOS- 
CO  rH  -4  CO  -4  CO  CO  OS  i — I  COrHCOrHCOCOrHrH 

ON 

4 

co 

CO 

UN 

41 

S/A 

Cts/U£  Zvs 

rHrH\0US-4£>-[^-OS-40N-4~4rH  OS  rH  ON  O 
to  OSC0  -4osO  ON  us  to  o  -4nO  M3  O  CO  -4 
us  -4  osvO  CO-4-40oOtousO-4  4-nO  CO  CO 
COOSOSCOOSCOOSOSCOCOCOOSCO  cocococo 

2746 

- — 

rH 

NO 

OS 

41 

o  - 

S3 

£ 

ttf 

\ 

to  a 

ONUS  to  uSrH  C- -4 -4  rH  NO  NO  -40NC0  -4  4hO  H 

US  OS  OS  CO  OS  US  i — 1  CO  On  us  4-  CO  i — 1  £>  CO  us -4  0  CO  OS  i — |PS  4 
ONrHUSOSOtOCOCO  OS  to  NO  Qn  rH  -4~40t0  CS  US  CO  04>  US 
i — li — ICO. — 1  CO  i — ICOCOCOi — li — If — iCOCOCOCOrHi — li — li — 1  HrH  rH 

061 

±41.3 

— - — — — — — - -  c 

co  o 

0  • 

S  co 


. 


. 


Dorsolateral  Prostate  -  Adrenalectomized  Animals 


• 

<C 

CM 

• 

CO 

US OOH  (V  40 tO 

NO 

H 

tOvOvOHONC^HtO 

to 

H 

• 

i — li — li — 1  CM  i — 1  H  (Ni  i — 1 

H 

Jr  f 

1 — 1 

CD 

- — > 

PG 

CD 

P 

G 

c 

o 

N 

< 

bO 

c^iaia-^HvO  O-tO 

os 

H 

A 

-4os<MnO  -4{>  CMX) 

os 

us 

w 

\ 

O-  US  -4  O-  Q\  US  tO  On 

r- 

1 — 1 

S 

CO 

CMCMCMCMCMCMCMCM 

CM 

+  1 

o 

\  P 

• 

CO 

CO  o 

G 

M 

O 

Eh 

•H 

p^ 

p 

o 

cd 

o 

G 

CMCMCM-4HNCtOUS 

o 

PH 

fci 

bO 

OS  OS  tO  O-  C - 4  Qn  US 

NO 

H 

G 

\ 

OHOO  O-vOtO  us 

CM 

-4 

o 

G  bO 

i — 1  (M  CM  CM  CM  i — 1  CM  CM 

CM 

-H 

O 

M  G 

G 

M 

US 

• 

vO 

us 

G 

CS3 

CO 

vO  C'-tO  OS  -4  CM  -4*  Cs-  OS  CM 

H 

• 

, — . 

H  vO  tO  US  02  H  (Si  OtO  US 

O 

os 

'O 

o 

• 

OS  OS  CM  OS  OS  OS  CM  CM  CM  CM 

os 

+1 

G 

•H 

1 — 1 

cd 

G 

0 

O 

P5 

G 

O 

JG 

c 

•H 

o 

N 

-P 

(0 

bO 

OO  O^OnO  H  US  On  tO  On 

On 

O 

G 

G 

NO  OSNO  US  i — 1  O-rH  CM  USCS 

to 

-4 

P> 

w 

os  to  usnO  us  CM  -4- to 

CM 

us 

G 

s 

<  CO 

-4os-4ososos-4os-4CM 

-4 

4-1 

CD 

o 

\  p 

o 

CO 

CO  o 

G 

M 

o 

E-< 

o 

P^ 

G 

o 

o 

£>  -4  IS- to  rH  to  OnO  -4  ON 

CSJ 

S 

US  (O'  On  tO  OS  rH  IS-  O  C  i — 1 

us 

us 

G 

bQ 

tO  -4  -4  rH  US  US  tO  rH  UStO 

O' 

os 

o 

\ 

HCMCMCMHHHCMHH 

H 

*H 

G  bO 

CD 

N  G. 

G 

O 

00 

• 

•H 

-P 

G 

CO 

OSO-vO  OSH  I>(M  CM  On 

NO 

os 

o 

nO  UTS  ~4  US  US  O  CM  CM  CM 

O 

-4 

O 

• 

CMCMHHHCMCMCMCM 

CM 

+  1 

1 — 1 

<H 

0 

O 

pc; 

-P 

o 

c 

0 

Q 

N 

Ch 

Ch 

W 

IS] 

bO 

O  CM  O  CM  NO  tO  rH  -4tO 

NO 

CM 

W 

M 

G 

O  CM  rH  tO  -4nO  CM  US  OS 

H 

On 

s 

tONOtO  OSnO  cm  omd  O- 

CM 

-4 

O 

Eh 

O 

W 

PI 

<3j  <0 

P 
CO  o 

CMCMrHrHrHCMCMCMCM 

CM 

< 

S 

w 

CG 

Q 

\OtO  NO  -4  tO  OS  CM  O  OS 

OS  O  -4  OS  CM  os  us  to  O- 

On 

os 

g 

OS  -4  rH  "CO  -4  O  US  OS  CM 

OS 

CM 

hb 

Hi — I  H  i — 1  i — 1  i — 1  i — 1  i — 1  r— 1 

H 

+■ 1 

S 

G  bO 
N  G 

rH 

c 

cO  Q 
0 


G 

O 

•H 

P 

CIS 

G 

o 

p- 

g 

o 

o 


UA 
sO 
10  G 

rH  CSJ 

£ 

•H  G 
G  03 

^  G 
H  O 

§p 
G  03 
O  G 
MSP 
G 
i  a) 
o 
0  G 
P  o 

030 

p 

to  a 

OtSl 

<c  g 

Pu  G 
E-<  O 


w 


CQ 


03  CD 
G  G 
P  O 
G  W 

0*H 


O 

o 

<P 

O 

P 

o 

CD 

<H 

Ch 


• 

to 

O 

• 

• 

CO 

tOfOCMO  -4sO  On 

rH 

IT\ 

HOHvO  c A  to  CO 

CM 

-H 

• 

i — 1  rH  i — 1  rH  rH  i — 1 

i — 1 

- — 

1 — 1 

(D 

a> 

P 

Pi 

P  -i 

o 

c 

N 

w 

b£ 

P 

O  UAsO  O  UArHsO 

to 

O 

s 

N 

C"-rH  CACM  ON  CM  ON 

sO 

O 

o 

<  CO 

CM  rH  CM  vO  -4- On  CM 

CM 

CM 

CO 

\  P 

H  H  H  i — 1  i — 1  rH 

rH 

+1 

H 

CO  o 

Eh 

cr;  . 

o 

o 

OOnO-I>-C^»H  O- 

rH 

CM 

£ 

• 

• 

h£ 

UA  rH  LTAOONCM  -4- 

o- 

-4 

N 

rH  pH  rH  rH  rH  CM  rH 

rH 

+  1 

G  b£ 
CS3  P 

• 

ON 

• 

CO 

-4  UAtO  CJN  ua  ca  On  CAtO  O- 

-4 

CM 

rHsOCAC"-rH[N-pHCA-4UA 

-4 

CM 

• 

rH 

i — li — li — li — li — li — Ir — li — li — IrH 

rH 

+  1 

0 

- - V 

Pi 

o 

G 

c 

O 

G 

N 

rG 

o 

b£ 

P 

Gnua-4-4iHsQ  CM  o AO  On 

ON 

CM 

-4tO  -4  rH  CM  NO  UA  rH  t>-tO 

SO 

o 

-<  CO 

CM  UA  ua  Qn  i — |  CM  On  On  O  O 

-4 

CA 

w 

\  p 

i — 1  i — I  rH  rH  rH  i — 1  rH  rH 

i — 1 

PI 

s 

co  a 

o 

CO  . 

M 

Eh 

cc: 

o 

o 

HtNINCOOOtAHHH 

sO 

UA 

a 

• 

• 

w 

CA  CM  CM  CM  -CO  -4sO  -4  UA 

to 

-4 

\ 

CMCMrHrHrHrHCMrHCMi — 1 

rH 

•H 

G  W 
ES3  P 

• 

CO 

UAUAON-CO  oa-4£n-OnO  O  O-CMsO  -4sO  OO 

CM 

CA 

vOrHOArHOCAONCAOCMO  O-  H  UA  0 A  O  On 

i — 1 

CM 

• 

rH  iH  rH  i — !  i — 1  rH  i — 1  rH  rH  rH  rH  i — 1 

rH 

■+■  1 

rH 

0 

pci 

c 

INI 

h£ 

P 

rH  rH  CM  “CO  CA  O-  CAsO  sQ  UAOnCM  \QtO  UA  On  tO 

CA 

sO 

< 

O' C"- CA  lA-sO  ONrH£>-OrHUACMlX)CAlN-CMUA 

UA 

o 

l>  CAH  O  ON -4  CM  CM  rH  CM  -4 tO  -4sO  [>-CArH 

CM 

CM 

\  P 
CO  o 

i — It — IrH  r — |  rH  rH  i — 1  i — IrH  H  i — 1  i — 1  i — 1  i — 1 

rH 

+  1 

PI 

<s 

o 

s 

rH  rH  ON  UA  CA  -4  CAtO  tOtOCAUAOOOrHUAtHOCMON[>-H  UAUA 

sO 

• 

CM 

# 

SO  CM  C^tO  CAOn  O  tO  sO  On  O  CM  O  CAO-  pH  O  i — l*C0  UA  CANO  O-UACM 

ON 

-4 

£ 

HHHCMCMHCM  HHCMCMCMCMfHCMCMCMrHrHCMHH  CM  CM 

rH 

!  4*  1 

u 

N 

G  b£ 
to  p 

G 

05  Q 

03 

S  CO 


Ventral  Prostate  -  Adrenalectomized  Animal 
Effect  of  Cortisone  on  Zn  Concentration  and  Zn&5  Incorporation. 


Q) 

-p  . 

• 

CO 

• 

rH 

CD 

pc; 

-4"VO  pH  ITMTv  C"\ 

~t  c^iH  cv  roO  cv 

rH  pH  rH  rH  rH  pH  rH 

125 

Cr\ 

pH 

4*1 

c 

O 

N 

<C 

hi 

3 

O  vO  OvO  O' — 4  0^ 

-4- 

o 

W 

\ 

CNi  (\i  to  CMVO  On  U"N 

WN 

o 

S 

<  01 

pH  OnOvO  O  ^tO 

to 

(V 

s 

\  -P 
CO  o 

CNi  (Vi  i — 1  1 — 1  CV  rH  1 — 1 

rH 

4-1 

M 

o 

o 

O  ON  C-  pH  CNi  On  CNi 

O 

O 

S 

•  •••••• 

• 

• 

w 

U"N  i — I  i — |  CNi  CNi  Lf\  lf\ 

-4- 

CV 

X 

rH  rH  i — 1  rH  i — |  i — |  pH 

i — 1 

4-1 

d  hi 

n  d 

• 

CO 

OMX  <H  O  C\2  -4"  IX  X-tO  ON 

On 

C~\ 

• 

CNjXOO^CMON^OGN 

CNi 

rx 

rH 

i — 1  i — 1  rH  CNi  i — i  H  rH 

pH 

41 

0 

o 

cc; 

•H 

2 

rd 

c 

N 

O 

hi 

— 

d 

pH  C\i  H'f^o  tXOXtO  ONVO 

pH 

On 

\ 

ON  NO  IXWtOHHONHtn 

ON 

o 

ry] 

<C  W 

O  rH  to  -4vQ  V\  -4\Q  to  CNi 

to 

S 

\  -P 

CM  CH  rH  CNi  i — li — 1  CM  i — IrHrH 

rH 

4-1 

o 

CO  o 

CO 

t— | 

Eh 

04 

O 

O 

E 

O  On  >AtO  pH  C*~\  lf\  CM  U"N 

to 

CM 

Sj 

•  ••••••«•• 

• 

• 

\ 

cr\0'OcvHHr\iA  o^v\0 

IX 

-4- 

d  ht 

rHpHrHrHCMCMCMpHCMrH 

pH 

+ 1 

tsi  d 

• 

<4 

CO 

C\J0rHC\it>C'\0,-r\C\2 

o 

NO 

IX  OvO  O  On  OvO  O  O 

o 

CNi 

• 

pH  i — 1  rH  rH  i — 1  rH 

pH 

4-1 

ri 

Q) 

cd 

c 

Q 

N 

CSI 

hD 

-^•vo  CVr\OC  On  to  1CN 

On 

O 

(H 

d 

IX  CM  vO  CM  IXCTNUMCN  CM 

VO 

rH 

s 

X-OIXOnOpH-4CMCM 

O 

CNi 

o 

<C  (0 

rH  i — 1  1 — 1  i — 1  rH  rH 

rH 

JL.  t 

Eh 

'x  -p 

O 

CO  o 

(j£| 

PI 

o 

s 

w 

P-i 

Q 

c^HiAC^-c^ -4 to  O  o"\ 

o 

CNi 

< 

• 

• 

E 

vOCMIXcxiXCMOO^t- 

IX 

NO 

bO 

H  H  (V  CV  i — IrHi — 1  (M  i — 1 

pH 

N 

4-1 

d  hO 

tsi  d 

L— ej=— J 

«S  Q 

(D 

S  CO 


APPENDIX  C 


Effect  of  ACTH  on  Zn  Concentration  and  Zn^5  Incorporation 
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Blood  -  Hypophysectomized  Animals  (5  day) 

Effect  of  Acute  ACTH  on  Zn  Concentration  and  Zn^5  Incorporation. 
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Blood  -  Hypophyseetomized  Animals  (19  day) 

Effect  of  Chronic  ACTH  on  Zn  Concentration  and  Zn^5  Incorporati 
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Effect  of  ACTH  on  Zn  Concentration  and  Zn&5  Incorporation 
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Values  for  normal  animals  obtained  from  Appendix  B  Table  III. 


Liver  -  Hypo physectomi zed  Animals  (5  day) 

Effect  of  Acute  ACTH  on  Zn  Concentration  and  Zn^5  Incorporati 
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Liver  -  Hypophysectomized  Animals  (19  day). 

Effect  of  Chronic  ACTH  on  Zn  Concentration  and  Zn^5  Incorporation. 
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Adrenals  -  Normal  Animals 
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Adrenals  -  Hypophysectomized  Animals  (5  day) 
Effect  of  Acute  ACTH  on  Zn  Concentration  and  Zn^5  Incorporation. 
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Adrenals  -  Hypophyseetomized  Animals  (19  day) 

Effect  of  Chronic  ACTH  on  Zn  Concentration  and  Zn&5  Incorporation, 
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Testis  -  Normal  Animals 
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Values  for  normal  animals  obtal  ned  from  TaMe  VI  Appendix 


Testis  -  Hypophysectomized  Animals  (5  day) 

Effect  of  Acute  ACTH  on  Zn  Concentration  and  Zn^5  Incorporation, 
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Testis  -  Hypophysectomized  Animals  (19  day) 

Effect  of  Chronic  ACTH  on  Zn  Concentration  and  Zn^5  Incorporation 
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Dorsolateral  Prostate  -  Normal  Animals 
Effect  of  ACTH  on  Zn  Concentration  and  Zn  ^5  Incorporation 
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Values  for  normal  animals  obtained  from  Table  VIII  Appendix 


TABLE  XIV 

Dorsolateral  Prostate  -  Hypophysectomized  Animals  (5day) 
Effect  of  Acute  ACTH  on  Zn  Concentration  and  Zn^5  Incorporation. 
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Dorsolateral  Prostate  -  Hypo phy sec tom i zed  Animals  (19  day) 
Effect  of  Chronic  ACTH  on  Zn  Concentration  and  Zn&5  Incorporation.. 


Ventral  Prostate  -  Normal  Animals 
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Values  for  normal  animals  obtained  from  Table  X  Appendix 


TABLE  XVII 

Ventral  Prostate  -  Hypophysectomized  Animals  (  5  day) 
Effect  of  Acute  ACTH  on  Zn  Concentration  and  Zn^5  Incorporation. 
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TABLE  XVIII 

Ventral  Prostate  -  Hypo physectomi zed  Animals  (19  day) 

Effect  of  Chronic  ACTH  on  Zn  Concentration  and  Zn^5  Incorporation. 


Rel.  S/A. 

CM  CM  rHvO  0^00 

NNN -4vO  un\0 

ON 

• 

ON 

\D 

IN- 

• 

to 

■H 

„ _ N 

o 

•H 

G 

G 

N! 

o 

Sh 

b£) 

■4  un  i-H  \Q  tO  rH  on 

rH 

4 

-G 

-4- -to  vO  on  to  ND  CM 

IN- 

On 

O 

• - ^ 

cm  cv  w  o  i — i  o  i — i 

rH 

+  1  1 

- — 

<  CO 

rH  rH  rH  rH  r- 1  rH  rH 

rH 

- -P 

33 

CO  o 

Eh 

O 

<$ 

ON  CM  IN-  IN-  O  CM  CM 

-4- 

ON 

•  •••••• 

• 

• 

£ 

rH  ON  UN  CM  CNrH  CN 

O 

ON 

bb 

CM  i — 1  i — 1  rH  H  (V  i — ! 

rH 

— 

-H 

G  bO 

N  3, 

• 

< 

rH 

to 

• 

• 

CO 

N-  rH  IN-  H  t)0  nO  CMtO  CNCM 

i — 1 

UN 

0\-4ononon-4-4-4onun 

4 

• 

-H 

rH 

a) 

P 

W 

IN! 

M 

G 

vO 

S 

ESI 

# 

o 

tO-4o\OONUNONrHCMUN 

IN- 

CM 

Eh 

bO 

OH  HHnON‘A-^‘A-4- 

ON 

IN- 

O 

IN-  IN-  IN-vO  IN-  IN-  C"-tO  vQ  to 

IN- 

+  » 

fxj 

CO 

<C  CO 

—  -p 

33 

CO  o 

(G 

O 

a. 

33 

-4tO  UNtO  IN-CN  CM\D  cnN 

rH 

IN 

• 

• 

£ 

O  CM  CM  CMtO  -4\OtO\OtO 

CM 

4 

bo 

CMCMCMCMHrHHCMCMiH 

CM 

+  1 

G  bO 

IN!  3, 

g 

cd 

0) 

S 


Q 

CO 


